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Nematic order is the breaking of rotational symmetry in the presence of 
translational invariance. While originally defined in the context of liquid 
crystals, the concept of nematic order has arisen in crystalline matter with 
discrete rotational symmetry, most prominently in the tetragonal Fe-based 
superconductors where the parent state is four-fold symmetric. In this case 
the nematic director takes on only two directions, and the order parameter 
in such “Ising-nematic” systems is a simple scalar. Here, using a novel 
spatially-resolved optical polarimetry technique, we show that a qualitatively 
distinct nematic state arises in the triangular lattice antiferromagnet 
Fe1/3NbS2. The crucial difference is that the nematic order on the triangular 
lattice is a ℤ",  or three-state Potts-nematic order parameter. As a 
consequence, the anisotropy axes of response functions such as the 
resistivity tensor can be continuously re-oriented by external perturbations. 
This discovery provides insight into realizing devices that exploit analogies 
with nematic liquid crystals. 
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Currently there is intense focus on incorporating antiferromagnets (AFMs) in 
spintronic applications, with the promise of faster response, lower threshold current, 
and scaling to smaller dimensions1,2. For example, the observation that stable switching 
of electric resistance can be induced by a spin-unpolarized current in thin films of 
antiferromagnetic CuMnAs, Mn2Au, and NiO has attracted considerable attention3-6. In 
closely related work, multi-stable magnetic memory with electric read-out was 
demonstrated in the hexagonal AFM, MnTe7,8. These systems are easy-plane, collinear 
AFMs in which switching and memory are associated with rotation of the Néel vector, 𝑳, 
between stable states in the plane that contains the perturbing magnetic field or current, 
where 𝑳 ≡ 𝑴𝟏 −𝑴𝟐,	and 𝑴𝟏, 𝑴𝟐 are the sublattice magnetizations9,10. 
Recently, both current-induced switching and multistable memory effects were 
reported in the Fe-intercalated transition metal dichalcogenide (TMD) FexNbS2 with 𝑥 ≈1/3, compounds that undergo a transition to AFM order below approximately 50 K11. It 
was found that current pulses applied parallel to the TMD atomic layers could reversibly 
switch a 10-micron scale device between stable resistance states with significantly lower 
threshold current than required for CuMnAs, albeit at lower temperatures. Moreover, it 
was discovered that cooling through the Néel temperature (𝑇1) in an in-plane magnetic 
field, 𝑩, induces an in-plane resistivity anisotropy whose symmetry axes continuously 
follow the direction of 𝑩 and remain stable after the field is turned off. While the 
anisotropy of the static magnetic susceptibility, 𝜒, in Fe1/3NbS2 suggests that 𝑳 is 
oriented primarily perpendicular to the TMD planes12-14. It has been suggested that this 
compound possesses a small in-plane component of 𝑳 , whose rotation by current pulses 
may give rise to the observed switching phenomena. 
Here we report optical measurements which suggest that an in-plane nematic 
director plays a role in mediating switching and metastable memory in the Fe1/3NbS2 
system. Using spatially-resolved optical polarimetry, we show that the onset of AFM 
order in Fe1/3NbS2 occurs simultaneously with a first order transition that breaks the 6-
fold (screw) rotational symmetry of the paramagnetic phase. Below 𝑇1 we observe three 
nematic domains whose directors are rotated by an angle of 2𝜋/3 with respect to each 
other. We provide a theoretical understanding of these results by showing that the AFM 
transition in Fe1/3NbS2 is analogous to the magneto-structural transition in Fe-based 
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superconductors15-19, but with a crucial difference – the ℤ6 Ising-nematic degree of 
freedom obtained in a tetragonal structure becomes a ℤ" or three-state Potts-nematic on 
the triangular lattice20,21.  
A schematic of the optical set-up is shown in Fig. 1a. A linearly polarized probe 
beam is focused through a microscope objective at normal incidence onto the sample 
surface. The reflection amplitude from the surface is characterized by a 2 x 2 matrix, 𝑟89. 
For a material with 3-fold or higher rotational symmetry, 𝑟89 = 𝛿89𝑟, and the polarization 
of the probe beam remains unchanged upon reflection. Lowering rotational symmetry 
leads to a reflection matrix with principal optic axes 𝒂 and 𝒃, and birefringence, 𝛥𝑟 ≡𝑟? − 𝑟@. In this broken symmetry state, the probe polarization is rotated through an 
angle given by 𝜙 = 𝑅𝑒{𝑟∗𝛥𝑟 𝑐𝑜𝑠 2(𝜃 − 𝜃K)}/|𝑟|6, where 𝜃 − 𝜃K is the difference between 
the probe beam polarization and principal axis direction. By measuring 𝜙(𝜃) with a 
balanced optical bridge detector (see Supplementary Information) we obtain the optic 
axes directions 𝒂 and 𝒃 and birefringence amplitude, 𝛥𝑟.  
To obtain the maps of 𝛥𝑟 and 𝜃K described below we overlap the probe beam with 
an 800 nm pump laser chopped at 2 kHz, which modulates the sample temperature. 
Lock-in detection at the pump chopping frequency eliminates long-time-period drifts 
and enables microradian sensitivity to the modulated polarization rotation, 𝛿𝜙. Fig. 1b 
shows 𝛿𝜙 as a function of temperature, 𝑇, at a single 10-micron spot on the sample and 
for a fixed probe polarization. The abrupt onset of birefringence at 49 K indicates a first-
order phase transition to a state in which the 6-fold screw symmetry of the 
paramagnetic state is lowered to at most 2-fold rotational symmetry. The decaying 
oscillations in 𝛿𝜙 with further lowering of 𝑇 are explained below. Plotted in Fig. 1c is 𝛿𝜙 
as a function of probe polarization angle 𝜃 in the vicinity of the phase transition. Below 𝑇1, 𝛿𝜙 shows the expected cos2(𝜃 − 𝜃K) dependence, allowing us to determine the 
orientation of the optic axes in the magnetic phase.  
The clue as to the origin of the oscillations in 𝛿𝜙(𝑇) shown in Fig. 1b is that the 
optical probe detects the onset of order at a higher temperature than bulk probes do. 
Figure 2a shows a summary of bulk measurements in the temperature range of the 
transition. A singularity in heat capacity, 𝐶S, coincides with abrupt jumps in 𝜒T and in-
plane resistivity, 𝜌VV, indicating a single, first-order transition to the AFM state at 43 K. 
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The oscillatory 𝛿𝜙(𝑇) is plotted in conjunction with 𝐶S in Fig. 2b, showing that there is a 
large offset between the transition temperatures measured optically (49 K) and by bulk 
probes (43 K). 
Figure 2c shows the polarization rotation 𝜙(𝑇) measured directly, that is, without 
photo-thermal modulation. The presence of the same oscillations in 𝜙(𝑇) seen in 𝛿𝜙(𝑇) 
confirms that they are not an artifact of photo-thermal modulation. Instead, our 
analysis, presented in detail in the Supplementary Information, shows that oscillations 
appear in the optical measurements because 𝑇1 decreases with increasing depth below 
the surface. For temperatures below the surface transition temperature 𝑇1(0) = 49 K, a 
buried interface separates a birefringent surface layer from the isotropic bulk, as 
illustrated in Fig. 2d. As the depth, 𝑧, of the interface increases with decreasing 𝑇, the 
phase difference between the reflections from the surface and the buried interface 
produces the interference pattern seen in 𝜙(𝑇). The oscillations are cut off when the 
buried interface reaches beyond the penetration depth of the probe beam, which is 
approximately 150 nm22. At this depth, 𝑇1(𝑧) has reached 47.5 K, which is still 4.5 K 
higher than the bulk 𝑇1. The mesoscopic scale of the probe wavelength in the medium 
enables a new method for depth profiling of transition temperatures on a 10-nm scale. 
We now turn to the spatial mapping of the amplitude and principal axis 
directions of the nematic order. Below the transition we detect three orientations of 
optic axes offset by 2𝜋/3 from each other, as illustrated by polar plots of 𝛿𝜙(𝜃) at three 
locations on the sample (Fig. 3a). By registration of the x-ray Laue diffraction pattern 
with the probe polarization angle, we find that the three orientations of optic axes 
correspond to the three crystallographic symmetry directions of the triangular Fe-lattice 
(Fig. 4b). We assign a color to each of the orientations, such that [100] is red, [010] is 
green, and [11[[[[0] is blue. A map of a 900 𝜇m × 500 𝜇m region of the sample is shown in 
Fig. 3b, revealing the presence of all three domains, which can be as large as hundreds 
of microns or as small as our resolution of 10 microns. The domain distribution is 
deterministic upon warming and cooling, and does not change in magnetic fields up to 
400 G.  
The nematic order that accompanies the onset of AFM order in Fe1/3NbS2 can be 
qualitatively understood to result from the geometric frustration of Ising spins23-25 on 
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the triangular (√3𝑎 × √3𝑎) superlattice26-29 of Fe atoms. A distortion along one direction 
of Fe-Fe bonds relieves the frustration, allowing one of three degenerate ordered phases 
to condense. Both stripe-like order (ordering wavevectors 𝑸8 in the 𝛤 − 𝑀 directions) 
and zigzag order (𝑸8 in the 𝛤 − 𝐾 directions) are possible (Figs. 4b,c), and single-crystal 
neutron measurements are necessary to fully distinguish between the two12. Both types 
of order give rise to nematicity and the stripe case is discussed here (see Supplementary 
Information for zigzag).   
To gain further insight into the nature of the transition, we construct a 
phenomenological Landau model assuming stripe order. We introduce three order 
parameters 𝑳d, 𝑳6, and 𝑳", whose wavevectors are parallel to one of the three 𝛤 − 𝑀 
directions. Spin-rotational and 6-fold rotational symmetries restrict the corresponding 
magnetic Landau free-energy 𝐹f to the form, 
 𝐹f = 𝑎g 𝑳868hd," + 𝑣K kg 𝑳868hd," l6 + 𝑣dg 𝑳86𝑳968m9 + 𝑣6g n𝑳8 ∙ 𝑳9p68m9 . (1) 
For simplicity, here we assume commensurate wave-vectors (Fig. 4c), but the results can 
be extended in a straightforward way to incommensurate order. The Landau coefficients 𝑣d and 𝑣6 determine the nature of the magnetic state below the Néel temperature. In 
particular, for 𝑣d > 0 and 𝑣6 > −𝑣d a single-𝑄 magnetic state is favored in which only 
one of the 𝑳8  is nonzero and rotational symmetry is broken. In contrast, other parameter 
values lead to equal amplitude triple-𝑄 magnetic ordering, preserving the rotational 
symmetry of the paramagnetic state. While the particular values of these and the other 
Landau coefficients a and 𝑣K depend on microscopic considerations related to the 
mechanism responsible for the magnetic instability, for our purposes a 
phenomenological approach suffices.  
Indeed, our experimental observation of rotational symmetry breaking points 
uniquely to single-Q AFM order in Fe1/3NbS2 (i.e. 𝑣d > 0 and 𝑣6 > −𝑣d), in which 〈𝑳8〉 ≠0 for one of the three order parameter components. As seen in Fig. 4d, the six nearest-
neighbor links are no longer equivalent in the stripe AFM state; four bonds couple anti-
parallel spins whereas two bonds couple parallel spins. This rotational symmetry 
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breaking is captured by an order parameter 𝒏 = (𝑛d, 𝑛6), which is given in terms of the 
magnetic components as, (𝑛d, 𝑛6) = n𝑳d6 + 𝑳66 − 2𝑳"6, √3𝑳d6 − √3𝑳66p. (2) 
 
Here 𝒏 is a nematic director indicative of rotational symmetry breaking and can be 
parametrized as 𝒏 = 𝑛(cos2𝜃, sin 2𝜃). The structure of 𝒏 for the triangular lattice 
contrasts sharply with nematic order in tetragonal systems such as the Fe-pnictides, 
which is described by a single-component ℤ6 Ising-nematic order parameter15,18.  
The magnetic free energy (Eq. 1) can be used to derive an effective free energy Fn 
for nematic order, since the nematic order parameter (Eq. 2) is a composite magnetic 
order parameter. Integrating out magnetic fluctuations and going beyond mean-field 
theory, one finds, 
 𝐹{ = 𝛼𝑛6 + 𝛽𝑛" 𝑐𝑜𝑠 6𝜃 + 𝛾𝑛, (3) 
 
where the Landau parameters 𝛼, 𝛽, and 𝛾 depend on the Landau parameters of the 
magnetic free energy, Eq. 1. The key observation is that Eq. 3 represents the same free 
energy as that of the three-state Potts model21,30, implying that 𝒏 is a ℤ" Potts-nematic 
order parameter. This follows from the third-order term in Eq. 3, which defines a ℤ" 
Potts-anisotropy and restricts the director to point along one of the three high-
symmetry directions of the lattice. The first-order jump in the nematic order parameter 
arising from the cubic term triggers a jump in the magnetic correlation length and a 
simultaneous first-order nematic-AFM transition consistent with the data.  
Next we show that the relative population of the three AFM domains can be 
tuned in response to an external perturbation that couples to the nematic director, in 
this case uniaxial strain. The birefringence map shown in Fig. 3b was obtained with the 
sample resting on a Cu plate secured by vacuum grease, a configuration in which the 
external strain from thermal contraction is negligibly small. The inset presents a 
histogram illustrating the domain population measured in this configuration, showing 
that all three domains are represented. 
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To apply strain the sample was glued onto a piezoelectric stack, which upon 
cooling applies a uniaxial strain of ≈ 0.1 %31-33. Imaging the same region of the sample 
with compressive strain applied parallel to the bond direction, as illustrated in Fig. 5a, 
yields the birefringence map shown in Fig. 5b. This map, together with the domain 
histogram (Fig. 5c), shows that the areal fraction of the red [100] domains, whose 
principal axes are parallel and perpendicular to the bond direction, is strongly 
suppressed and redistributed to green and blue domains. The sample was then cleaved, 
rotated by 90∘ and re-mounted on the piezo stack such that now tensile strain is applied 
in the bond direction (Fig. 5d). In this configuration the areal fraction of the red 
domains grows at the expense of the other two (Figs. 5e,f). In the Supplementary 
Information we show that the domain repopulation follows in a straightforward fashion 
from the coupling of the strain tensor to the nematic director, 𝒏. Basically, tensile strain 
acts as a positive nematic conjugate field oriented parallel to the strain direction, 
favoring the domain corresponding to this direction. On the other hand, compressive 
strain acts as a negative conjugate field, which suppresses the corresponding domain 
and favors the other two domains. 
The repopulation of ℤ" nematic domains in response to uniaxial strain suggests a 
mechanism for switching and memory phenomena in response to in-plane 
perturbations 𝑩 and currents, 𝑱.	In Fe1/3NbS2, 𝒏 can couple to such perturbing fields, 
playing the same role as the in-plane 𝑳 does in the easy-plane systems such as CuMnAs 
and MnTe. As shown for coupling to 𝑳 in MnTe6, and for coupling to 𝒏 in Fe1/3NbS2 (see 
Supplementary Information), application of in-plane 𝑩 or 𝑱 unbalances the domain 
population, resulting in a global resistivity tensor whose principal axes continuously 
follow34 the direction of 𝑩 or 𝑱. We note that this effect cannot occur in a ℤ6 Ising-
nematic system, where the anisotropy is locked to the crystal axes, regardless of the 
direction of the perturbation15,32. 
In conclusion, we have shown that the onset of AFM order in Fe1/3NbS2 occurs via 
a first-order transition that lowers the rotational symmetry of the triangular lattice from 
6 to at most 2-fold. Below TN, maps of local birefringence reveal three domains, 
characterized by in-plane nematic directors with relative angles 2𝜋/3. The first-order 
nature of this transition may be understood in terms of a three-state Potts model where 
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the symmetry-breaking order parameter is a ℤ" nematic, which in turn is a composite 
magnetic order parameter. Furthermore, we demonstrated that the relative population 
of ℤ" nematic domains can be controlled by uniaxial strain. In principle, the coupling of 
external perturbations to a nematic director could be sufficiently strong to enable low 
switching thresholds in nematic-magnetic systems. 
 
Methods 
Imaging the direction of the optic axes is performed by mounting the sample on a 
cryogenic piezo-actuated xyz stage in a Montana Instruments 4 K cryostat with a low-
working-distance cryogenic window. As the sample is rastered beneath the probe beam 
focus, a polarization scan of 𝛿𝜙 is taken at each position on a grid. Polarization scanning 
is enabled by co-rotating half wave plates, a scheme described in more detail in the 
Supplementary Information. Whereas dichroism-based imaging35,36 is limited to the 
contrast between two fixed orthogonal polarizations, here the continuous control of the 
probe polarization measures the precise local orientation of the optic axes.  
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Fig. 1 | Photo-thermal modulated birefringence measurements. a, Pump and probe 
beams are spatially overlapped onto the sample surface. The 633 nm beam probes the thermally 
modulated polarization rotation induced by 24 𝜇W of 800 nm pump that is modulated at 2 kHz 
with an optical chopper. The dependence on probe beam polarization is measured using a pair 
of co-rotating half-wave plates. b, Photo-thermally induced polarization rotation 𝛿𝜙 exhibits a 
sharp peak at 𝑇1 followed by decaying oscillations. c, Polarization rotation 𝛿𝜙 as a function of 
input probe polarization angle at temperatures close to 𝑇1. The input polarization angle with 
maximal 𝛿𝜙 indicates the direction of the optic fast axis. 
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Fig. 2 | First-order phase transitions at surface and bulk. a, Heat capacity (red), 
resistivity (green), and magnetic susceptibility (blue) measurements all reveal a sharp first-order 
phase transition at 𝑇1 = 43 K. b, Optical birefringence data (black) shows a higher 𝑇1 (= 49 K) 
compared to heat capacity (red) measurement. c, Unmodulated birefringence data also exhibits 
oscillations at temperatures slightly below the surface 𝑇1. d, Illustration of surface and bulk in 
two temperature regimes, showing the presence of a buried interface when 𝑇 is between the 
surface and bulk transition temperatures. 
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Fig. 3 | Crystal structure and birefringence map. a, Polar plots of 𝛿𝜙 at different sample 
locations reveal breaking of rotational symmetry. b, Birefringence map across a 900 𝜇m × 500 𝜇m area of the sample shows three distinct domains whose optic fast axes are offset by 120° 
from one another. This region was sampled in 50 um steps, and the positions of the foci are 
indicated by the white arrows. The three nematic domains in c are color-coded as red, green, 
and blue. Each is associated with a high-symmetry direction of the Fe-Fe triangular superlattice, 
as shown in Fig. 4b.  Scale bar: 100 µm. Inset: histogram showing the distribution of domain 
population in the birefringence map. 
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Fig 4| Crystal structure and nematic order. a, Cut along the c-direction of Fe1/3NbS2 
illustrating staggered intercalation of Fe-ions between the TMD planes. b, View of triangular Fe-
superlattice in the ab plane. Colored arrows indicate the high-symmetry directions and three 
domain orientations shown in Fig. 3. c, Hexagonal Brillouin zone for a single Fe-layer with high-
symmetry directions shown. The three Γ −𝑀 ordering wave-vectors (Q1, Q2, Q3), related by 
2𝜋/3 rotations, corresponding to the three domains. d, Real space cartoon of Q1 stripe order. 
Solid black circles indicate spin up, white circles with black X’s indicate spin down. Light blue 
bonds connect parallel spins, pink bonds connect anti-parallel spins.  
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Fig. 5 | Strain tuning of birefringent domains. a, Compressive strain is applied along the 
[100] direction of the lattice, parallel to the Fe-Fe bond direction. b, The birefringence map and 
c, histogram showing that the green and blue domains are favored over the red. d, Conversely, 
tensile strain along the [100] direction results in dominance of red domains, as illustrated by the 
(e) birefringence map and (f) histogram.  
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Supplementary Information  
 “Observation of three-state nematicity in the triangular lattice 
antiferromagnet Fe1/3NbS2” 
 
 
I. Sample Growth 
 
Single crystals of Fe1/3NbS2 were grown using vapor transport techniques.1 The 
samples studied are hexagonal crystals 1-3 mm in size and 20 – 100 microns thick. 
Samples were grown with a nominal Fe-concentration of x = 0.37. Energy-dispersive x-
ray spectroscopy (EDX) and inductively coupled plasma (ICP) measurements were 
performed to verify the chemical composition, yielding an Fe-intercalation value of x = 
0.34. X-ray diffraction and transmission electron microscopy measurements1 confirm 
the crystal structure is the nominal x =1/3 non-centrosymmetric space group P6322.  
 
II. Birefringence Microscopy and Balanced Optical Bridge Detector 
 
 
Fig. S1 | Schematic of photo-thermal modulated birefringence microscopy and optical bridge 
detector.  
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A schematic of the measurement apparatus is shown in Fig. S1. The polarization 
of the incident probe laser is set by a rotatable half-wave plate, HWP1. For the photo-
thermal modulation measurements, the pump is modulated at 2 KHz by an optical 
chopper and both beams are focused onto the sample surface with a microscope 
objective. The measured 𝛿𝜙(𝑇) is independent of the pump polarization. The pump 
reflection is rejected via a color filter while the reflected probe is sent through a 
Wollaston prism which spatially separates the horizontal (x) and vertical (y) 
polarization components of the beam. The two orthogonally polarized beams are sent to 
an optical bridge detector consisting of two unbiased photodiodes connected in parallel 
but with opposite polarity. The net photocurrent will be zero, or ‘balanced’, when the x 
and y components have equal intensity. Balancing is achieved by warming the sample 
above the Néel temperature and adjusting a second half-wave plate (HWP2). 
In the antiferromagnetic (AFM) phase the sample becomes birefringent, rotating 
the polarization of the reflected probe and unbalancing the detector. The intensity 
admitted to each of the two photodiodes can be calculated using Jones calculus,  
 𝑉V𝑉 = cos𝜃 − sin 𝜃sin 𝜃 cos𝜃  𝑟@ 00 𝑟?  cos𝜃 sin 𝜃−sin 𝜃 cos𝜃 11, (1) 
 
where 𝜃, set by the two half-wave plates, represents the angle between the incident 
probe beam polarization and the sample principal optic axes, 𝒂 and 𝒃 . The reflection 
coefficients along each of the sample principle axes are written as 𝑟@ and 𝑟? . The 
balanced diode detector measures the intensity difference between the two polarization 
components, |𝑉V|6 − 𝑉6. To first order in Δ𝑟/?̅?, where, ?̅? = 𝑟@ + 𝑟?2 ,			Δ𝑟 = 𝑟@ − 𝑟?, (2) 
we obtain, |𝑉d|6 − |𝑉6|6 = 2𝑅𝑒(?̅?∗Δ𝑟)cos2𝜃. (3) 
To measure the unmodulated polarization rotation, 𝜙(𝑇), for a fixed HWP1 angle as 
in the main text Fig. 2c, the pump is removed entirely. The optical chopper is moved to 
modulated the probe beam and detection method remains the same.  
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III. Depth Profiling of the AFM Transition  
As discussed in the main text, the AFM phase sets in at the sample surface at a 
higher temperature than in the bulk. The temperature oscillations in 𝜙(𝑇) shown in the 
main text Fig 2(b), (c) are well-described by a model wherein a birefringent surface layer 
propagates into the bulk with decreasing temperature. 
 
  
Fig. S2 | a, Illustration of the sharp, shifting interface between the AFM phase, where Δ𝑛 = 0.1, 
and the paramagnetic phase, where Δ𝑛 = 0. b, The result of simulation. The ratio between the 
first maximum point and the first minimum point is approximately 2.  
 
We first consider a sharp interface between the AFM region and the 
paramagnetic region, as illustrated in Fig. S2a. In the paramagnetic region we assume 
an isotropic index of refraction given by = 2.6 + 0.6𝑖 , the value measured for the similar 
compound Fe1/4TaS2 by Fan et al2. The AFM surface region has a birefringence 
characterized by the difference in index of refraction along the optic axes, Δ𝑛 = 𝑛@ − 𝑛?. 
The simulation result shown in Fig. S2b assumes a relative index birefringence of 0.04 
and confirms the sharp interface model provides a good qualitative explanation of the 
data. However, for this simple case the oscillation amplitude is larger than in the data 
shown in main text Fig. 2c. In the measurement, the ratio between the first maximum 
point and the first minimum point is approximately 1.5, but this sharp interface 
calculation gives a ratio of 2.  
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 This discrepancy may be remedied by considering a smooth interface with a finite 
width. We model the smooth interface by discretizing the interface into multiple layers, 
or ‘slabs’, with varying Δ𝑛, as illustrated in Fig. S3a. We use a modified Fermi-Dirac 
distribution function to describe the broadened interface, Δ𝑛(𝑧) = Δ𝑛d𝑒 + 1. (4) 
with three parameters: Δ𝑛d, the difference between refractive indices along two principal 
optical axes in the ordered phase; 𝑧K, the depth of interface as a function of temperature; 
and 𝛼, the interface width.  
Our simulation is carried out using the scattering matrix method3, which allows 
us to calculate the transmitted and reflected electric field through a series of birefringent 
slabs. First, we calculate the 𝐼8  matrices that describe transmitted electric field 
amplitude at the surface of a given slab and the 𝑇8 matrices that describe the phase shift 
of the electric field as it is transmitted through the slab, 
𝐼8 = 	 ⎣⎢⎢
⎡1𝑡8 𝑟8𝑡8𝑟8𝑡8 1𝑡8⎦⎥⎥
⎤ , 𝑇8 = 𝑒8 00 𝑒8	, (5) 
where 𝑟8 is the reflection coefficient and 𝑡8  is the transmission coefficient for the ith slab. 
The phase shift over a propagation length Δ𝑧8	is given by 𝛿8 = 2𝜋𝑛8𝛥𝑧8/𝜆. Second, we 
calculate the scattering matrix by multiplying all the 𝐼8  and 𝑇8 matrices in sequence,  	𝑀 = 𝐼𝑇d𝐼d𝑇6𝐼6 … 	𝐼¡d𝑇¡𝐼¡. (6) 
We can now calculate 𝐸£¤ and 𝐸¥¦§ at the sample surface separately for the 
polarization components along the principle optic axes,  𝐸@£¤𝐸@¥¦§ = 𝑀@ 10 , ¨ 𝐸?£¤𝐸?¥¦§© = 𝑀? 10.				 (7) 
Finally, we can calculate the detector output, 𝑅𝑒(?̅?∗Δ𝑟), 𝑟@ = 𝐸@ª«𝐸@8{ 	 , 𝑟? = 𝐸?ª«𝐸?8{ 	, (8) 𝑅𝑒(?̅?∗Δ𝑟) = 𝑅𝑒 ¬𝑟@ + 𝑟?2 ­∗ (𝑟@ − 𝑟?)	. (9) 
21 
  
Fig. S3 | a, Illustration of the Fermi-Dirac-like distribution of Δ𝑛 and multilayer slabs. The 
gradient of blue shows the smooth transition from the birefringent region to isotropic region. b, 
Fitting parameter 𝛼	determines how broad the interface is. c, The result of calculation for 
different values of 𝛼. There is a significant decrease in the oscillation amplitude in birefringence 
if the interface is broader. 
 
The result of the calculation shown in Fig. S3(c) for different values of 𝛼. If the 
interface is broader, i.e. 𝛼 is larger, there is a significant overall decrease in amplitude, 
indicating that a broadened distribution of Δ𝑛 at the interface provides a better fit to the 
data. This broadened-interface model in combination with the experimental data 
demonstrates a novel technique for profiling depth dependence of the transition 
temperature. 
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IV. Derivation of the nematic free energy 
We start by discussing the symmetry properties of Fe1/3NbS2. The point group 
embedded in its space group (𝑃6"22) is 𝐷°, which is generated by a six-fold rotation 𝐶° 
and a perpendicular twofold rotation 𝐶6V. In space group 𝑃6"22 the sixfold rotation 
becomes a six-fold screw 𝑆° = {𝐶°|00 d6}. As a result, the space group is generated by 𝑆° 
and {𝐶6V|000}. Nematic order lowers the six-fold rotation 𝐶° to twofold 𝐶6. 
Since the magnetic ordering originates from the Fe sites, we focus on the Fe layers of 
the crystal structure. Two inequivalent Fe layers should be distinguished, which are 
exchanged under the screw 𝑆°. If we label the two layers 𝐴 and 𝐵 then we obtain an 
effective honeycomb geometry, where the 𝐴, 𝐵 layers play the role of the honeycomb 
sublattices. Introducing a layer index α = 𝐴, 𝐵 a general spin configuration can be 
expressed in terms of Fourier components as 
𝐒(𝐑) =g𝐒(𝐪)𝐪 𝑒8𝐪∙𝐑. (10) 
Here we consider magnetic ordering with three ordering vectors 𝐐8hd,6," related by 2𝜋/3 
rotations. In the case of stripe order, they correspond to the three Γ −𝑀 directions of 
the hexagonal Brillouin zone: 
𝐐d = 𝜋√3n√3, 1p, 			𝐐6 = 𝜋√3 n−√3, 1p, 			𝐐" = 𝜋√3 (0,−2). (11) 
Magnetic ordering at these ordering vectors implies that only 𝐒(𝐐8) and 𝐒(−𝐐8) are 
nonzero. Since 𝐐8 = −𝐐8  modulo a reciprocal lattice vector, we only need to consider 𝐒(𝐐8). 
Clearly, 𝐒¹(𝐐8) and 𝐒º(𝐐8) transform into each other under the sixfold screw 𝑆°. We 
can form irreducible magnetic order parameters by taking the sum and difference, 
which are respectively even and odd under the screw rotation. For concreteness, in what 
follows we focus on the even magnetic order parameters 𝐋8: 
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𝐋8 = 𝐒¹(𝐐8) + 𝐒º(𝐐8), (12) 
but the results are the same also for the odd case. Symmetry constrains the magnetic 
free energy density to: 
𝐹 = 𝑎g𝐋868 + 𝑢2 ½g𝐋868 ¾
6 − 𝑔2 [(𝐋d6 + 𝐋66 − 2𝐋"6)6]+ 𝑤2 [(𝐋d ∙ 𝐋6)6 + (𝐋6 ∙ 𝐋")6 + (𝐋d ∙ 𝐋")6]. (13) 
Comparing to the expression (1) in the main text, here we have 𝑢 = 2𝑣K + 6ÁÂ" , 𝑔 = ÁÂ° , 
and 𝑤 = 2𝑣6. A stripe ground state, in which only one of the 𝐋8  becomes non-zero, takes 
place when 𝑔 > 0 and 𝑤 > −12𝑔. This state not only breaks spin-rotational symmetry, 
but also the 𝐶° rotational symmetry, since one among the three 𝐐8  wave-vectors is 
chosen. Within a mean-field approach, as long as 𝑢 is large enough, both the magnetic 
(spin-rotational symmetry-breaking) and nematic (𝐶° to 𝐶6 symmetry-breaking) 
transitions happen at the same temperature 𝑇K as a second-order transition when 𝑎 ∝𝑇 − 𝑇K < 0. 
Fluctuations, however, completely change this picture. Formally, fluctuations can be 
included self-consistently by decoupling the first two quartic terms in Eq. (13) via three 
Hubbard-Stratonovich fields: 
𝜓 = 𝑢(𝐋d6 + 𝐋66 + 𝐋"6 )	𝑛d = 𝑔(𝐋d6 + 𝐋66 − 𝟐𝐋"6 )	𝑛6 = 𝑔√3(𝐋d6 − 𝐋66). (14) 
 Physically, 𝜓 is simply the amplitude of the magnetic fluctuations. As for 𝑛d and 𝑛6, 
they transform as 𝑑VÈÈ  quadrupolar order and as 𝑑V quadrupolar order. These are 
precisely the transformation properties of the two components of a generic two-
dimensional electronic nematic order parameter. In terms of the 𝐷° point group, the 
vector 𝐧 = (𝑛d, 𝑛6) transforms as the two-dimensional 𝐸6 irreducible representation. In 
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terms of the Hubbard-Stratonovich fields in Eq. (14), the free energy density (13) is 
given by: 
𝐹[𝐋8, 𝜓, 𝜙8] = (𝑎 + 𝜓)g𝐋86 − 𝜓62𝑢 + 𝑛62𝑔8 − 𝑛d(𝐋d6 + 𝐋66 − 𝟐𝐋"6) − 𝑛6√3(𝐋d6 − 𝐋66) (15) 
with 𝜙6 = 𝜙d6 + 𝜙66. The partition function is given by: 
𝑍 = Ì𝒟𝐋8	𝒟𝜓𝒟𝑛8	exp k−Ì𝐹[𝐋8, 𝜓,𝜙8]Ñ /𝑇Kl. (16) 
Here, ∫ 	≡	Ñ ∫ ÓÔÑ(6Õ)Ô and fluctuations of the 𝐋8  fields are taken into account by including the 
gradient term in Eq. (15), yielding: 
𝐹[𝐋8,𝜓, 𝜙8] =g𝜒88d(𝐪)	𝐋8,Ñ	𝐋8,Ñ 	− 𝜓62𝑢 + 𝑛62𝑔8 . (17) 
 The diagonal inverse magnetic susceptibility matrix 𝜒88d is given by: 
𝜒88d(𝐪) = ×𝑎 + 𝜓 + 𝑞6 − 𝑛d − √3𝑛6 0 00 𝑎 + 𝜓 + 𝑞6 − 𝑛d + √3𝑛6 00 0 𝑎 + 𝜓 + 𝑞6 + 2𝑛dÙ (18) 
 In the paramagnetic state, magnetic fluctuations can be integrated out. It is convenient 
to change variables to 𝑟 ≡ 𝜓 + 𝑎;  the resulting partition function becomes:  
𝑍 = Ì𝒟𝑟𝒟𝑛8	exp(−𝑓ÜÝÝ[𝑟, 𝑛8]), (19) 
where we absorbed the constant 𝑇K in the coupling constants 𝑢 and 𝑔 and derived the 
free energy: 
𝑓ÜÝÝ[𝑟, 𝑛8] = 𝑁2gÌ logn𝜒88(𝐪)p − (𝑟 − 𝑎)62𝑢Ñ8 + 𝑛62𝑔. (20) 
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 Here, 𝑁 is the number of components of the 𝐋8  order parameters. Instead of working 
with 𝑛d and 𝑛6, it is convenient to parametrize 𝑛d = 𝑛 cos2𝜃 and 𝑛6 = 𝑛 sin 2𝜃. The 
magnetic susceptibility matrix becomes, in this parametrization: 
𝜒88d(𝐪)
= ⎝⎜
⎛𝑟 + 𝑞6 − 2𝑛 cos ä2𝜃 − 𝜋3å 0 00 𝑟 + 𝑞6 − 2𝑛 cos ¬2𝜃 − 5𝜋3 ­ 00 0 𝑟 + 𝑞6 − 2𝑛 cos(2𝜃 − 𝜋)⎠⎟
⎞. (21) 
 Up to this point, all results are exact. To proceed, we must perform some 
approximation. It is instructive to expand the free energy in powers of 𝑛 only. We find: 
𝑓ÜÝÝ𝑁 = 𝑛62 ¨1𝑔 −Ì 3(𝑟 + 𝑞6)6Ñ © + ¨Ì 1(𝑟 + 𝑞6)"Ñ © 𝑛" cos 6𝜃 − ¨Ì 9(𝑟 + 𝑞6)Ñ © 𝑛 + (⋯), (22) 
where, as customary, we renormalized (𝑢, 𝑔) → (𝑢, 𝑔)/𝑁. This is precisely the free energy 
for the 3-state Potts model discussed in the main text. The key point is that, from Eq. 
(21), 𝑟 can be interpreted as the inverse squared magnetic correlation length 𝜉6 in the 
absence of Potts-nematic order. Thus, 𝑟 must vanish at the bare magnetic transition. 
This implies that the quadratic coefficient of 𝑛6 changes sign from positive (when 𝑟 →∞) to negative (when 𝑟 → 0) before the magnetic transition is reached. As a result, Potts-
nematic order appears already in the paramagnetic phase. Note that, because of the 
positive cubic coefficient, the free energy is minimized by one of the three values 𝜃 =𝜋/6,𝜋/2, 5𝜋/6. Note also that in principle 𝑟 can also be a function of 𝑛, which will alter 
the quartic coefficient in front of 𝑛. 
The existence of the cubic coefficient implies that, in three dimensions, the Potts-
nematic transition is mean-field and first-order. This opens up the possibility of a 
simultaneous first-order Potts-nematic and magnetic transition, depending on how 
large the jump in 𝑛 is. This can be seen directly from the inverse susceptibility, Eq. (21): 
it is clear that the largest component of the 𝑞 = 0 magnetic susceptibility is given by 𝜒88 = 1/(𝑟 − 2𝑛), where we used the fact that 𝜃 assumes one of the values 𝜃 =
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𝜋/6,𝜋/2, 5𝜋/6. Now, 𝑛 jumps by ∆𝑛 for a finite value of 𝑟 = 𝑟î. If however ∆𝑛 > 𝑟î/2, this 
implies a diverging renormalized magnetic susceptibility, and thus a simultaneous first-
order magnetic transition. 
Similar results hold also if the three ordering vectors 𝐐8  are incommensurate and 
aligned along the Γ − 𝐾 and Γ − 𝐾′ directions. For instance, a zigzag phase is obtained 
when the ordering vectors are given by 
𝐐d = 𝜋2 n1, √3p, 			𝐐6 = 𝜋2 (−2,0), 			𝐐" = 𝜋2 n1,−√3p. (23) 
These ordering vectors are located on the Γ − 𝐾 and Γ − 𝐾′ high symmetry lines, are 
related by threefold rotation, and have the property that 𝐐8 ≠ −𝐐8. The latter implies 
that, in contrast to Eq. (12), the corresponding order parameters 𝐋8  are complex. As a 
result, the nematic order parameter is now given by: 
𝑛d ∝ (|𝐋d|6 + |𝐋6|6 − 2|𝐋"|6)	𝑛6 ∝ √3	(|𝐋d|6 − |𝐋6|6) (24) 
  
V. Domain Repopulation 
We model the repopulation of the ℤ"-nematic domains under uniaxial strain, 
demonstrated in the main text Fig. 5, with a free energy, 𝐹 , that contains two terms, 
𝐹 = [(𝑥d − 𝑥6)6 + (𝑥6 − 𝑥")6 + (𝑥" − 𝑥d)6] − 𝑏g𝑥{𝜖 cos2(𝜃 − 𝜃{)"{hd . (25) 
The first term favors equal domain populations whereas the second term breaks the 
degeneracy of the three domains. Here 𝑥{ is the areal fraction of the 𝑛§ò domain, 𝑏 is the 
strain-nematic coupling parameter, 𝜖 is the amplitude of the uniaxial strain, 𝜃 − 𝜃{ is 
angle of the strain with respect to the director of domain 𝑛, and 𝜃{ = 2𝜋𝑛/3. Using the 
constraint Σ𝑥{ = 1 and linearizing with respect to 𝛿{ ≡ 𝑥8 − 1/3, we find that 𝐹 is 
minimized for 𝛿{ = (3𝑏𝜖/4) cos 2(𝜃 − 𝜃{). The model predicts that for tensile strain 
along a bond the domain aligned with the strain grows according to 𝛿K = 3𝑏𝜖/4, while 
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the other two shrink, 𝛿d = 𝛿6 = −3𝑏𝜖/8, and the signs of the 𝛿{ are reversed for tensile 
strain perpendicular to the bond direction. 
The domain repopulation in the ℤ" nematic enables the global symmetry axes to 
continuously follow the direction of in-plane 𝑩, 𝑱, or uniaxial strain fields, despite the 
locking of the Neel vector perpendicular to the plane. As an indicator of the global 
symmetry, we consider the resistivity anisotropy tensor, ?⃖⃗?{ ≡ 𝑅÷øΔ𝜌𝜎 where 𝑅÷ø  is the 
rotation operator and Δ𝜌 and 𝜎 are the resistivity anisotropy and the Pauli 𝑧 matrix, 
respectively. We assume that the global symmetry axes align with the spatial average 
tensor, 〈?⃖⃗?〉 = Δ𝜌∑𝛿{, ?⃖⃗?{. At equilibrium, all three domains are equally populated (𝑥8 =1/3) and 〈?⃖⃗?〉 is a null tensor, corresponding to a globally isotropic system. However, an 
external field applied at an angle 𝜃 unbalances the domain population, in which case, 𝐹〈?⃖⃗?〉 ∝ 	Δ𝜌  cos 2𝜃 sin 2𝜃− sin 2𝜃 cos2𝜃,	 (26) 
which shows that rotational symmetry is broken and the global symmetry axis 
continuously follows the direction of the perturbation. This is in stark contrast with the ℤ6-Ising-nematic system where the global anisotropy axes are the locked to the crystal 
axes, regardless of the direction of an external perturbation.  
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